Chapter 17, Problem 1.

Evaluate each of the following functions and see if it is periodic. If periodic, find its

period.

(a) f(t)y=coszwt+2cos3rt+3cos5xt
(b)y(t)=sint+4cos2 7 t
(c) g(t) = sin 3t cos 4t
(d) h(t) = cos’t
(e) z(t)=4.2sin(0.4 7t+ 10°
+ 0.8 sin(0.6 7t + 50°)

(Hp® =10
(g)at=e"

Chapter 17, Solution 1.

(a)
(b)

(c)

(d)

(e)

(H
(&)

This is periodic with ® = w which leadsto T = 2n/®w = 2.

y(t) is not periodic although sin t and 4 cos 2nt are independently
periodic.

Since sin A cos B = 0.5[sin(A + B) + sin(A — B)],
g(t) = sin 3tcos 4t = 0.5[sin 7t + sin(-t)] = —0.5 sin t+ 0.5 sin7t
which is harmonic or periodic with the fundamental frequency
owo=1oT=2no = 2n.

h(t) = cos*t = 0.5(1 + cos 2t). Since the sum of a periodic function and
a constant is also periodic, h(t) is periodic. ® = 2 or T = 2n/® = T.

The frequency ratio 0.6|0.4 = 1.5 makes z(t) periodic.
o =02r or T = 20/w = 10.

p(t) = 10 is not periodic.

g(t) is not periodic.
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Chapter 17, Problem 2.

H
ML Using MATLAB, synthesize the periodic waveform for which the Fourier
trigonometric Fourier series is

f(t) :l—iz(COSt+lCOS3t+Lc055t+...j
2z 9 25

Chapter 17, Solution 2.

The function f(t) has a DC offset and is even. We use the following MATLAB code to
plot f(t). The plot is shown below. If more terms are taken, the curve is clearly indicating
a triangular wave shape which is easily represented with just the DC component and
three, cosinusoidal terms of the expansion.

for n=1:100
tn(n)=n/10;
t=n/10;
yl=cos(t);
y2=(1/9)*cos(3*t);
y3=(1/25)*cos(5*t);
factor=4/(pi*pi);
y(n)=0.5- factor*(y1+y2+y3);
end
plot(tn,y)
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Chapter 17, Problem 3.

Give the Fourier coefficients ay, a,, and by of the waveform in Fig. 17.47. Plot the
amplitude and phase spectra.

g
10

5

432101 23 45 61

Figure 17.47
For Prob. 17.3.

Chapter 17, Solution 3.
T=4, w, =2n/T = ©/2

g(t) = 5, 0<t<l1
10, 1<t<2
0, 2<t<4

T 1 2
a, = (1/T) jog(t)dt = 0.25[ jOSdt + jl 10dt] = 3.75

. T _ 1 n_T[ 2 Il_TC
a, = (2/T) jog(t) cos(no,t)dt = (2/4) LS cos(— tyde + jl 10 cos(— - t)dt ]

2

1
+ loisin%t 1 = (~1/(nn))5 sin(nm/2)

= 0.5[5-2 sin "+
2 nm

nmw

1

a, = (/o)D" n = odd
0. n = even

by = (/T) [ g(®)sin(no,Hdt= (2/4)] jols sin(n—27T Hde+ 10 sin(%“ £)dt |

— 2x5 nmw

"2x10  nm
cos—t| —

2
cos—t| | =(8/(nm))[3 —2 cos n1t + cos(nm/2)]

1

=0.5]

nn o N7
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an bn An phase

n

1 -1.59 | 7.95 8.11 -101.31
2 0 0 0 0

3 0.53 2.65 2.70 —78.69
4 0 0.80 0.80 —90

5 -0.32 | 1.59 1.62 -101.31
6 0 0 0 0

7 0.23 1.15 1.17 —78.69
8 0 0.40 0.40 -90

8 —]
A,
I | | .
0 n 2n 3m 4n Sn 6n Tn 8n 0
0 n 2n 3 4n Sn 6 Tn 8n O
—78.69° —
90° —
-101.31° —
¢
v

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 17, Problem 4.

Find the Fourier series expansion of the backward sawtooth waveform of Fig. 17.48.

Obtain the amplitude and phase spectra.

f@®

Figure 17.48
For Probs. 17.4 and 17.66.

Chapter 17, Solution 4.

ft) = 10-5t, 0<t<2, T =2, @ =2n/T = =

2, = (UT) [f(Hdt = (12)[(10 - 5t = 0.5[10t - (52 /2)]f = 5

@/T) [ £(t) cos(no,t)dt = (2/2) _[02(10 — 5t) cos(nxt)dt

an

IOZ(IO) cos(nmt)dt — IOZ(St) cos(nmt)dt

2 2

5t .
+ —sinnmt
0 nmw

cos nrtt

= [-5/(n*n%)](cos 2nt— 1) = 0

2.2

n'm 0

by = (2/2) [(10 - 5t) sin(nmt)dt

= [{10)sin(nmt)dt— [ (5) sin(nrt)dt

2 2
= —sinnnt| + S cosnnt| = 0 + [10/(nm)](cos 2nmw) = 10/(n7)
n'm 0 nmw 0
Hence f(t) = 5+mzlsin(nnt)
Tt
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Chapter 17, Problem 5.

Obtain the Fourier series expansion for the waveform shown in Fig. 17.49.

2(1)

1

(a)

Figure 17.49
For Prob. 17.5.

Chapter 17, Solution 5.

T=2n, o=2n/T=1

1t 1
a, = —Iz(t)dt =—]|lxn-2xn]=-0.5
T 2n
0
T T 2n
2 1 1 I . 2 .
a, =—Iz(t)cosn(oodt =—j1cosntdt—— I 2cosntdt = —sin..nt |g ——sinnt |2n =0
T T T nn nn T
0 0 s
T b 2n
2 1y, . 1 ) 1 2
b, :—Jz(t)cosna)odt :—J.lsmntdt—— J. 2sinntdt = ——cosnt |7t +—cosnt |ZTC
T T T nm 0 nm T
0 0 i
Thus,
= 6
z(t)=—-0.5+ Z —sinnt
n=] 0T
n=odd
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i,n = odd
nmn
0, n=-even



Chapter 17, Problem 6.

Find the trigonometric Fourier series for

f=1> UNST o fe 2= F()
= an )= .
10, 7#<t<2x

Chapter 17, Solution 6.

T=27, 0, =2n/T=1

1T 1 V4 2 1
=—|fl)dt=—| |5dt+ | 10dt |=—(B7r+107)=7.5
o, oo 2 far. Froer|- L 100

T V3 2z
a, = gIf(t)cos notdt = 2 _[5003 ntdt + _[10 cosntdt |=0
T3 27| % )

T V4 27
. : : V4 27
b, :gj.f(t)smna)otdt:i I53|nntdt+ IlOsmntdt _1 —lcosnt —lcosnt
T3S 2|y . | n 0 n 7
10
5 -—, nh=odd
=—[coszn-1]={ nz
nz
0, n=even

Thus,

o0

ft)=75- > 10 Ginnt

n-odd N7
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Chapter 17, Problem 7.

ML * Determine the Fourier series of the periodic function in Fig. 17.50.
NIONY

-1 0 1 2 3 t(s)

Figure 17.50
For Prob. 17.7.

* An asterisk indicates a challenging problem.

Chapter 17, Solution 7.

T=38, w,=27/T=2x/3

a - %;[f(t)dt _ %EZdHE(—Ddt} _ %(4—1):1

T 2
a, = %J'f(t)cosmdt = UZCOS 2nzt dt+ j( Dcos 2nrt dt}
0 0

2|03 onmi® 3 . onmf | 3 . 4nn
=— sin -1 sin
307200 3 |, 2nm 3 |,

T
bn:%J'f(t)sdet— [IZsmznﬂtdt [ J)smzmtdt}
0

3
2

4dnrx

3
}n—ﬂa‘z 737

+ COSs
3 Nz 3 0 2n«x 3

—L(2 3cos 4%+1j 3 (l—cos%j

nmw nm

2{ 3 onrt]2 3 2nrt
= — —2X2 COS
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Hence,

o0
fty=1+ z isinﬂcos 207t i(l —cos ﬂj sin 2nnt}
frs nm 3
We can now use MATLAB to check our answer,
>>t=0:.01:3;
>> f=]*ones(size(t));
>> for n=1:1:99,
f=f+H(3/(n*pi))*sin(4*n*pi/3)*cos(2*n*pi*t/3)+(3/(n*pi))*(1-
cos(4*n*pi/3))*sin(2*n*pi*t/3);
end
>> plot(t,f)
2.5
2 |
1.5+ -
1 L |
0.5 F |
0 L _
0.5+ .
1r J\WWWWWW
.1 5 | | | | |
0 0.5 1 1.5 2 2.5 3

Clearly we have the same figure we started with!!

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 17, Problem 8.

Obtain the exponential Fourier series of the function in Fig. 17.51.

Figure 17.51
For Prob. 17.8.

Chapter 17, Solution 8.

T=2, wo,=27/T=x

1-t t<1
f(t) = 51-t), O<t<
0, 1<t<?2

_ 1, —jnet _ 1 ; —jnzt
C, =< jo fte"dt = ! 51— t)e "dt

= EJ‘le—Jnfrtdt_Ejte—jnﬁtdt _ E eit|] 5 gt
270 29
- E [eim _1} 5 efjnzr

2 —jnr 2-n’n?

| 1
—_—— (—In t_
2 e lo 20 vt

-

-n’x

. 5
(—anr—])+§ >
But €™ =coszn-jsinnz =cosnz +0 =(-1)

2.5[1-(-D"1 2.5(-D"[1+ jnz] 2.5
G, = : - 2 2 T
inz n’z n’z
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Chapter 17, Problem 9.

Determine the Fourier coefficients a, and by, of the first three harmonic terms of the
rectified cosine wave in Fig. 17.52.

f
10

2 4 6 8 10 ¢

Figure 17.52
For Prob. 17.9.

-2 0

Chapter 17, Solution 9.

f(t) is an even function, b,=0.
T=8, o0=27/T=r/4

T 2
aO:ljf(t)dt _2 lecosnt/4dt+O zl—o(i)sinﬂt/4 |Z=1—0=3.183
Ts 8% 4 7 2z

T/2

2 2
a, :$ j f(t)cosnw,dt =%[J10003ﬂt/4cosnﬂt/4dt +0] =SI[COSﬂt(n+1)/4+COS7Z't(n—1)/4}jt
0 0 0

Forn=1,
2

2
a =5j[cos;zt/2+1]dt :S{ESinﬂthtH} =10
0 7 0

For n>1,

2
20 . w(n+Dt, 20 Sin;z(n—1)| _ 20 . ow+h 20 . z(n-1)

= sin
" z(n+1) 4 z(n—-1) 4 |0 z(n+1) 2 z(n—1) 2
a, zﬁsinl.5n+§sinn/2:4.244, ajs zﬁsin2n+&sinn =0

3n s 47 T

Thus,

d( =3183, a1 =10, an =4244, a3 =0, bl =0 =b2 =b3
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Chapter 17, Problem 10.

Find the exponential Fourier series for the waveform in Fig. 17.53.

v (1) A

Vv,

4

Figure 17.53
For Prob. 17.10.

Chapter 17, Solution 10.

T=27, w,=27/T=1

e =jnt
27r -jn |0

1T —Jjna,t —jnt
cn:?.([f(t)e dt— j(]) e Mdt =

V, r. . : \Y/
=—>|je’™ —j|=——(cosnr -
ZHH[J J] 2n7z( 7D

S JV jint
f(t) = —2(cosnr —1Je'
® nzz_ooZnﬂ 71
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Chapter 17, Problem 11.

Obtain the exponential Fourier series for the signal in Fig. 17.54.

Y A
1

Figure 17.54
For Prob. 17.11.

Chapter 17, Solution 11.

T=4, o,=2n/T=n/2

T
1 - 1| ¢0 _ 1
_ jnogt 4. _ jomt/2 jomt/2
Ch = T '([y(t)e 0 dt =2 U—l (t+1e dt + .[0 (De dt}

—jnmt /2 ) )
¢ :l e (—jn?‘tt/2—1)—_ie_mm/2 |01_‘ie—1nnt/2 |%)
4 —n’n?/4 jnm ~ jon
_1p 4 _.2 L4 ejnn/Z(jnn/2_1)+.iejnn/2_.ie—jmc/2_i_.i
4l n272 jam 252 jnm jnm jnm
But
ednm/2 =cosnm/2+ jsinnn/2 = jsinnm/2, g ~inm/2 =cosnm/2—jsinnn/2 = —jsinnmn/2
Cp = [1+j(jmc/2—l)sinnn/2+nnsinnn/Z]
2_2
n°m
y(t) = Z > 2[1+j(jnn/2—l)sinnn/2+nnsinnn/2]ejnm/2
n=—oo ' 7
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Chapter 17, Problem 12.

* A voltage source has a periodic waveform defined over its period as
vi)=t2r -1V, 0<t<2r

Find the Fourier series for this voltage.

* An asterisk indicates a challenging problem.

Chapter 17, Solution 12.

A voltage source has a periodic waveform defined over its period as
vit)=t2z-tV, forall0<t<2x

Find the Fourier series for this voltage.
v(t)=27t—t, 0<t<27,T=27 w,=27T=1

2n 47'[3 2T52
0 :2_7-5(1_2/3) =

T 1 r2n 1
a, = (1/T)j0 f(t)dt = ZL (2mt — t%)dt =%(m2 —t3/3)

2n

an = EIT (2nt —t*)cos(nt)dt = 1[2—? cos(nt) + %sin(nt)}
T T n n

0

1 [2 2 . 2,2 . ]2“
3 ntcos(nt) — 2sin(nt) + n"t” sin(nt) .

2 1 -4
=— (1-1)——=4nncos(2mn) = —-
n nn n

b, = %LT (2nt — t*)sin(nt)dt = %j (2nt — t*)sin(nt)dt

= 2—n%(sin(nt) —ntcos(nt))|; - ! - (2ntsin(nt) + 2 cos(nt) — n*t cos(nt))‘zn
T n mn 0
— __4TE + 4_TE — 0
n n
2 o0
Hence, f(t) = m Z—zcos(nt)
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Chapter 17, Problem 13.

A periodic function is defined over its period as
10sint, O<t<rm
h(t)=1, .
20sin(t—7), #<t<2x

Find the Fourier series of h(t).
Chapter 17, Solution 13.
T =2 w, =1
— (/) [h(ydt = 2 [["10sin tdt+ 20 sint - 7 dt
a, = (1/T) [ h(t) ‘E[L sin tdt+[ " 20sin(t - ) dt]

= 1 [— 10 cos t|g — 20 cos(t — )

=] 30
21 i]z?

a, = (2/T) jOTh(t) cos(no, t)dt

=[2/(2m)] U: 10 sin t cos(nt)dt + rn 20 sin(t — m) cos(nt)dt}

Since sin A cos B = 0.5[sin(A + B) + sin(A — B)]
sintcosnt = 0.5[sin((n + 1)t) + sin((1 — n))t]
sin(t—m) = sintcos T—costsinm = —sin't
sin(t — m)cos(nt) = —sin(t)cos(nt)

a, = L[IOF [sin([1 + n]t) + sin([1 — n]t)]dt — 20!21T [sin([1 + n]t) + sin([1 — n]t)]dt}
27 0 n

2n
n

i ) (2 cos([1 + nt)  2cos([l - n]t)J

:2
T 1+n 1-n

1+n 1-n

{(_ cos([1 + n]t) B cos([1 — n]t)j

B 5[ 3 3 _3c0s([1+n]n)_3cos([1—n]n)}
I+n 1-n I+n I-n
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But, [1/(1+n)] +[1/(1-n)] = 1/(1-n?)
cos([n—1]m) = cos([nt1]w) = cos T cos N7t —sin T sin Nt = —COS N7
= (5/0)[(6/(1-n%)) + (6 cos(nm)/(1-n?))]

= [30/(n(1-n?)](1 + cos nn) = [-60/(n(n—1))], n = even
=0, n = odd

= (2/T) jOTh(t) sin no, t dt

= [2/@m)][ [ 10sin tsin nt dt -+ f 20(— sin t) sin nt dt

But, sin AsinB = 0.5[cos(A-B)— cos(A+B)]

sin tsinnt = 0.5[cos([1-n]t) — cos([1+n]t)]

= (5/m){[(sin([1-n]t)/(1-n)) — (sin([1+n]t)/ (1

i
_ i[_ sin([1 — n]r) . sin([1 + n]n)} _ o
T I-n l+n
_ 30 60 < cos(2kt)
Thus, h(t) = . .Z: @ - 1)
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Chapter 17, Problem 14.

Find the quadrature (cosine and sine) form of the Fourier series

=10 nz
f)=2+ cos| 2nt + —
© Zn3+1 [ 4}

n=1

Chapter 17, Solution 14.

Since cos(A + B) = cos A cos B —sin A sin B.

= 10
flt) = 2+
© nzzl:(n3+1

cos(nm/4)cos(2nt) — 31 0 " sin(nt/4) sin(2nt)]
n’ +

Chapter 17, Problem 15.

Express the Fourier series

cos10nt + %sin 10nt
n

2 4
f)=10+
® nzz:‘n2+l

(a) in a cosine and angle form.
(b) in a sine and angle form.

Chapter 17, Solution 15.
(a) Dcos ot + Esin ot = A cos(mt - 0)

VD? +E?, 0 = tan”'(E/D)

where A

A= \/L b6 = tan (@ 1)/(4nY)
(n" +1) n

n

1 ant+1
ft) = 10 + Z\/(n 1) 3 cos[lﬂnt — tan™' s J

(b) Dcos ot + Esin ot = A sin(ot + 0)

where A = VD> +E?, 0 = tan(D/E)

1 . , 4n’
f(t) = 10 + z E 1) n6 sin| 10nt + tan™ —

n° +1
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Chapter 17, Problem 16.

The waveform in Fig. 17.55(a) has the following Fourier series:

v, (t) =l—i2(coszzt+100537zt+L00557zt+---jV
2 9 25

Obtain the Fourier series of v, (t) in Fig. 17.55(b).

vi(0)

S
|
—
(=]
—
&)
w
A~
~

Figure 17.55
For Probs. 17.16 and 17.69.

Chapter 17, Solution 16.
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If vy(t) is shifted by 1 along the vertical axis, we obtain Vz*(t) shown below, i.e.
Vo (t) = va(t) + 1.

v

Comparing v2 (t) with v, (t) shows that
V2 (1) = 2vi((t+ t)/2)

where (t+t,)2 =0 att=-1ort, =1

Hence va (1) = 2vi((t+ 1)/2)

But va (1) = vy(t) + 1

Vo) + 1 = 2vi((t+-1)/2)

Va(t) = -1 +2vi((t+1)/2)

8 t+1 1 t+1 1 t+1
=-1+1 ——|cosm + —cos3n + —cosSm + .-
T 2 9 2 25 2

8 m n 1 3nt  3m; 1 Stt 5w
vo(t) = ——|cos| —+ — |+ —cos| — +— |+ —cos| —— +—— |+
i 2 2 9 2 2 25 2 2

8| . (mt 1 . (3nt 1 . (S=ut
vo(t) = — — | sin| — |+ —sin| — |+ —sin| — | + -
T 2 9 2 25 2

Chapter 17, Problem 17.
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Determine if these functions are even, odd, or neither.

(a) 1+t (b)t>*~1  (c) cosnztsinnzat
(d) sin* at (e) e

Chapter 17, Solution 17.

We replace t by —t in each case and see if the function remains unchanged.

(a) 1-t, neither odd nor even.

b) -1, even

(c) cos nm(-t) sin nm(-t) = - cos nnt sin nnt, odd
(d)  sin’n(-t) = (-sin nt)* = sin’ xt, even
(e) e', neither odd nor even.

Chapter 17, Problem 18.
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Determine the fundamental frequency and specify the type of symmetry present in the
functions in Fig. 17.56.

S

2

Figure 17.56
For Probs. 17.18 and 17.63.

Chapter 17, Solution 18.
(a) T=2leadstow, = 2n/T = =

fi(-t) = -fi(t), showing that fi(t) is odd and half-wave symmetric.

(b) T = 3 leads to w, = 2m/3

o
~
—
~
Il

f2(-t), showing that f,(t) is even.
(©) T = 4 leads to ®, = /2

f3(t) is even and half-wave symmetric.

Chapter 17, Problem 19.
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Obtain the Fourier series for the periodic waveform in Fig. 17.57.

Figure 17.57
For Prob. 17.19.

Chapter 17, Solution 19.
T=4, w,=27/T=x/2

10t, O<t<1
f(t) =
102-1), 1<t<?2

17 17 13 1_.11 10 t2 ]2
== |f(dt == [10tdt + = |10(2 —t)dt = =5t*| + —(2t——)| =2.5
% T!O 4! 4{ 2-1) 4 |0 4( 2)1

T 1 2
a, = 2 I f(t)cos nw tdt = glet cosno tdt + Ele(Z —t)cosnw, tdt
T 0 4 0 4 1

St .
COosNw,t+——sinna,t

N,

1 10 .
+-——sinna,t

N,

20 t
= ——cosna,t+ ——sinna,t

N, N,

+22

n’w;

= nz—o(cos nz/2-10+ nisin nrz/2 +£(sin Nz —sinnz/2)+ %Mcos nz

N n-rz

a)O a)O [e]

5 cosnn/2+£sinn7z— sinnzz /2

_nﬂ /4 Nw

o nz/2

T 1 2
b, = 2 [f®)sinne, tdt = 2 [10tsinne, tdt + 2 [102 - tysinna,tdt
T 0 4 0 4 1

2t
+——Ccosna,t

N,

1 10 1
———cosnaw,t

N,

5 .
=——sInna,t

N,

>— SINNa,t

N’ w?

= isin nz/2 —ﬂ(cown—cos n;r/2)—%(sin7rn—sin nz/2)
n

"o Naw, 2

o

coszn/?2

N,

2
———Cosnxr —

N,

Chapter 17, Problem 20.
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H
ML Find the Fourier series for the signal in Fig. 17.58. Evaluate f(t) at t = 2 using the
first three nonzero harmonics.

f®

4
vV 1 1 1\ vV 1 1 1\ Il /_\
-4 2 0 2 4 6 8

t

Figure 17.58
For Probs. 17.20 and 17.67.

Chapter 17, Solution 20.
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This is an even function.

b, =0, T =6, ®=2n/6=mn/3

2y = % jom F(t)dt = %Uz(m - 4)dtjj 4 dt}
- %[(28 a0 +4G- 2)} — 2

- A /3)d
a = ?J.O (t) cos(nmt / 3)dt

(4/6)[ f(4t—4)cos(nm/3)dt + E4cos(nm/3)dt]

16 9 nrt 3t . (nmt 3 . (nnt ? 16| 3 . (nnt }
= —|—55¢C0s — |+ ——sin| — | — —sin| —— + —| —sin| —
6 | nmw 3 nw 3 nw 3 /] 6 | n 3 )4,

= [24/(n*7%)][cos(2nn/3) — cos(nm/3)]

24 & 1 27tn Tn nrt
Th ft) = 2+ — ) —|cos| — | — cos| — | |cos| —
® () nzn[ (3) (3” [3)

Att = 2,
f2) = 2+ (24/m)[(cos(2n/3) — cos(m/3))cos(2n/3)
+ (1/4)(cos(4n/3) — cos(2m/3))cos(4m/3)
+ (1/9)(cos(2m) — cos(1))cos(27) + -]
= 2+2.432(0.5 +0 + 0.2222 + )
f(2) = 3.756

Chapter 17, Problem 21.
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Determine the trigonometric Fourier series of the signal in Fig. 17.59.

f@®

/N /\

-5 4—3—2—1 12345t

Figure 17.59
For Prob. 17.21.

Chapter 17, Solution 21.
This is an even function.

b, =0, T =4, o, =20/T = /2.

ft) = 2 -2t, 0<t<l
= 0, 1<t<2
]
a, = —J.2(l—t)dt—{t——} =05
2 0
4 oT/2 4 el nrt
ap = TJ‘O f(t) cos(nw, t)dt = ZLZ(I - 1) cos[T]dt

= [8/(r*n?)][1 — cos(nm/2)]

f(t) = % Z:;nzi;cz [1 - cos(%ﬂ cos(nTntj

Chapter 17, Problem 22.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Calculate the Fourier coefficients for the function in Fig. 17.60.
J@

ML L M

Il
5-4-3-2-1 01 2 3 4 51

Figure 17.60
For Prob. 17.22.

Chapter 17, Solution 22.

Calculate the Fourier coefficients for the function in Fig. 16.54.

v

Figure 16.54 For Prob. 16.15

This is an even function, therefore b, = 0. In addition, T=4 and ®, = ©/2.

a, = % jom f(t)dt = % J'Ol4tdt = tz‘; =1

an

4 ,1/2 4 e
= jo £(1) cos(o,nt)dt = - j04t cos(nmt / 2)dt

1

2_2

= 4{i cos(nmt/2) + 2t sin(nmt / 2)}
n'mw nn

0

a, = % (cos(nt/2)—1) + i sin(nmt / 2)
nn nmn

Chapter 17, Problem 23.
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Find the Fourier series of the function shown in Fig. 17.61.
foA
A1 A
5L 0 Vz t ‘
-1+

Figure 17.61
For Prob. 17.23.

Chapter 17, Solution 23.
f(t) is an odd function.
flt) = t, —1<t<l1

3 =0=a, T=2 0w, =20/T = =

4 12 . 4
b, = ?J.O f(t) sin(nw, t)dt = ELt sin(nmt)dt

2 .
- [sm(nnt) — nmt cos(mct)];
nm

—[2/(nm)]cos(nm) = 2(-1)""/(nm)

f(t) = % 2% sin(nrt)

Chapter 17, Problem 24.
In the periodic function of Fig. 17.62,
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(a) find the trigonometric Fourier series coefficients a, and b,,
(b) calculate the magnitude and phase of the component of f(t) that has
o, =10 rad/s,

(c) use the first four nonzero terms to estimate f(z/2).

(d) show that
# 1 1 1 1 1 1

SEe et — -
4 1 3 5 7 9 11

SOA
2_
L,
o] —n\/_lo nw 3nw1
2_

Figure 17.62
For Probs. 17.24 and 17.60.

Chapter 17, Solution 24.
(a) This is an odd function.

a,=0=a, T=2n 0w, = 20/T = 1
4 eT/2 k
by, = ¥J.O f(t) sin(w nt)dt
ft) = 1 +t/m, 0<t<m

by = % jo“ (1 + t/ ) sin(nt)dt

= g |:_ l cos(nt) + % sin(nt) — i COS(Ht)}
0 n nmw nm 0

[2/(nm)][1 — 2cos(nm)] = [2/(nm)][1 + 2(—1)““]

a =0, by = [2/2n)][1 +2(-1)] = -1/m = =0.3183
(b) on = nw, = 10 or n = 10

ajp = 0, byo = [2/(10m)][1 — cos(10m)] = —1/(5m)

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part

of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior

written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.




Thus the magnitude is Ao = 1/a?0 +b;, = 1/(57) = 0.06366

and the phase is b1 = tan ' (by/a,) = —=90°

o0

(c) f(t) = Z%[l — 2 cos(nm)]sin(nt)

n=1

f(n/2) = ii [1 — 2 cos(nm)]sin(nw/2)
T

n=1

Forn =1, fi =2/ +2)=6/=n
Forn=2, £ =20
Forn = 3, f3 = [2/(3m)][1 — 2cos(3m)]sin(3w/2) = —6/(37)
Forn =4, f, =20
Forn =5, fs5 = 6/(5n), ----
Thus, f(n/2) = 6/n — 6/(3m) + 6/(57) — 6/(7Tm) ---------
= (6/m)[1-1/3+1/5-1/T+ - ]

f(n/2) = 1.3824
which is within 8% of the exact value of 1.5.
(d)  From part (c)
f(n/2) =15 = (6/m[1 -1/3+1/5-1/7T+ ---]
(32)(w/6) = [1-1/3+1/5-1/7T+ ---]

or /4 =1-1/3+1/5-1/7+ ---

Chapter 17, Problem 25.
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Determine the Fourier series representation of the function in Fig. 17.63.

J@®
I
L IA | L A
- -2 0o 2 4 1
)

Figure 17.63
For Prob. 17.25.

Chapter 17, Solution 25.
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This is a half-wave (odd) function since f(t-T/2) = —f{(t).
a, = 0,a,=by,=0forn=ecven, T = 3, ®, = 2n/3.

For n = odd,

4 1.5 4 ¢l
an = EJO f(t)cosnwotdt=§I0tcosnw0tdt
1
41 9 (mm} 3t .(mm]
= — cos + sin
3 47'[21'12 3 27n 3 0
3 27n 2 . (2mn
=|—5 5| cos —1|+—sin| —
n°n 3 m 3
4015 . 4,1 .
by = EJO f(Osin(noyt)dt = - jotsm(znnt/s)dt

4l 9 . (2nnt) 3t (mm) 1
= — ) Sin — COS
3|1 4n“n 3 2nm 3

0

o=,

Chapter 17, Problem 26.
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Find the Fourier series representation of the signal shown in Fig. 17.64.

f

T

I I L
-4 3 2 -1 1 2 3 4 5 6 7 8 9 s

Figure 17.64
For Prob. 17.26.

Chapter 17, Solution 26.

T=4, 0o, =2n/T = n/2
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_ 1 ¢T B 17 ¢ 3 4 .
2, = Tjof(t)dt_z[joldujl 2dt+j31dt} =1
a = %J:f(t) cos(nm, t)dt

B 2701 ¢2 3 4 /Nd
a, = Z[Llcos(nnt /2)dt + J.z 2 cos(nmt / 2)dt + Ll cos(nmt / 2) t}

3
4 . nmt
+ — sin —
. nm

4 3nmn . nmw
= sin — — sin —
nm 2 2

201
by = = jof(t) sin(no, t)dt

2 . nmt
+ —sin —

4
, Nnx 23}

2
= 2[i sin n_TCt
nmn 2

= D 1s1nnm dt+J. 2sm—dt+J. 1s1n—dt}

2 nnt|” 4 nnt| 2 nnt|’
= 2|-—cos—— ——COS——| ——COS——
nm 2|, nm , nm 2|
-4 [cos(nn) - 1]
nm
Hence
f(t) =
1+ zi [(sin(3nn /2) — sin(nmt / 2)) cos(nwt / 2) + (cos(nw) — 1) sin(nmt / 2)]
n=1 0T

Chapter 17, Problem 27.

For the waveform shown in Fig. 17.65 below,
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(a) specify the type of symmetry it has,
(b) calculate a; and bs,
(c) find the rms value using the first five nonzero harmonics.

f() 4

1_
I A | I | I nA >
5/4 3 2 0 1 2 V& 5 1
—1F

Figure 17.65
For Prob. 17.27.

Chapter 17, Solution 27.

(a) odd symmetry.
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(b) aw=0=a, T=4 o, =20/T = 7/2

f(t) =t 0<t<l]
=0, 1<t<2
1
by, = i.[lt sin nt dt = 24 > sin nnt _ Acosn—m
47 2 n'm 2 nm 2,
4 . nm 2 nmw
= ——sin——-—cos— -0
n°m 2 nmw 2
= 4-D""@’r?), n = odd
—2(-1)"*/(nm), n = even

a; = 0, by = 4(-1)/(97%) = —0.04503

(c) b, = 4/n%, by, = 1/m, by = —4/(97%), by = —1/2n), bs = 4/(257°)

Fone = \/ai Ay ew)

Frmse = 0.55b,> = [1/QmH][(16/7%) + 1 + (16/(817%)) + (1/4) + (16/(6251%))]

= (1/19.729)(2.6211 + 0.27 + 0.00259)

Frms = +0.14667 = 0.383

Compare this with the exact value of Fns = 1/% Joltzdt =4/1/6 = 0.4082 or

(0.383/0.4082)x100 = 93.83%, close.

Chapter 17, Problem 28.

ML Obtain the trigonometric Fourier series for the voltage waveform shown in
Fig. 17.66.
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NN N
- _1V_ZL01V2 A

Figure 17.66
For Prob. 17.28.

Chapter 17, Solution 28.
This is half-wave symmetric since f(t — T/2) = —f{(t).

3, =0, T=2 0, =202 ==
4 172 4 o
an = — [ f(0) cos(no,ndt = — [ (2 - 20) cos(nmt)dt

1

4{L sin(nmt) —

t .
cos(nmt) — — s1n(nnt)}
nm nm

2,2
nTmw 0

[4/(n*7®)][1 - cos(nm)] = 8/(n’n?), n = odd
cven

=
=}
[

by = 4 jO‘ (1— t)sin(nnt)dt

1

= 4[_ Lcos(nnt) — —— sin(nnt) + icos(nnt)}
nm nm nm

0

= 4/(nm), n = odd

i 8 4
f(t) = cos(nmt) + — sin(nrwt) |,n = 2k—1
(t) z(nznz (nmt) + — sin )j n=2k-1

k=1

Chapter 17, Problem 29.

Determine the Fourier series expansion of the sawtooth function in Fig. 17.67.
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fOA

—Zw 0 T ZA t
-

Figure 17.67
For Prob. 17.29.

Chapter 17, Solution 29.
This function is half-wave symmetric.

T=2n w, =20/T =1, f(t) = —t, 0<t<m

For odd n, a, = Er (—t)cos(nt)dt = — 3 [cos(nt)+ nt sin(nt)]|;r = 4/(n’n)
T -0 n'mn

b, = EJ.TI (—t) sin(nt)dt = — [sin(nt) —nt cos(nt)]g = -2/n
T J0

n’n
Thus,

fity = 2), {ﬁ cos(nt) —%sin(nt)}, n =2k-1

©
k=1

Chapter 17, Problem 30.

(a) If f(t) is an even function, show that

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




2 fT/2
C, = ?jo f(t)cosna,t dt

(b) If f(t) is an odd function, show that
_I21T ¢ @ysinnagt dt
C“_T.[o (t)sinnaw,

Chapter 17, Solution 30.

T/2
: - 1[(T/2 s

T anOt = — o .
Cn TJ'/z f(t)e dt T U‘T 1, (D) cosno, tdt JI_T 1, T(©)sinneg tdt} (1)

(a) The second term on the right hand side vanishes if f(t) is even. Hence

T/2
Ch :¥ If(t)cosnmotdt
0

(b) The first term on the right hand side of (1) vanishes if f(t) is odd. Hence,
" T/2
Ch = _E If(t) sin nw, tdt
T 0

Chapter 17, Problem 31.
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Let a, and by, be the Fourier series coefficients of f(t) and let @, be its fundamental

frequency. Suppose f(t) is time-scaled to give h(t) = f(a t). Express the a, and b, , and

n

@, , of h(t) in terms of an, by, and @, of f(t).

Chapter 17, Solution 31.

fh()=f(a), T=T/a — o= ZT_“ _ Tz/“ _ o,
o
2 ¢ 2 1
a,'=— jh(t) cosnw, 'tdt =— jf(oct) cosnw, 'tdt
T 0 T 0

Let at=2A,, dt=dA/a, aoT'=T
20 ¢
an'z?jf(k)cosnoa(,?»dk/a:an
0

Similarly, b,'=b,

Chapter 17, Problem 32.
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Find i(t) in the circuit of Fig. 17.68 given that

i) =1+ zizcos 3ntA

n=1

2Q

}i
iSG) §IQ §2H

Figure 17.68
For Prob. 17.32.
Chapter 17, Solution 32.
When iy = 1 (DC component)
= 1/(1+2) = 1/3
Forn > 1, o, = 3n, I = 1/n*£0°
= [1/(1+2+jo)]L = I/(3 +j6n)

L o0

n’ 1
= = Z —tan(2n)
3V1+4n®>Ztan™(6n/3) 3n°+1+4n’

Thus,

cos(3n — tan"' (2n))

) )
t =
0 3 Z:‘ 21+ 4n?

Chapter 17, Problem 33.

In the circuit shown in Fig. 17.69, the Fourier series expansion of Vy(t) is
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o0

v, (1) :3+%Z%sin(n7zt)

n=1

Find vo(t).
10Q

v (1)

+
= VolD)

Figure 17.69

For Prob. 17.33.

Chapter 17, Solution 33.
For the DC case, the inductor acts like a short, V, = 0.

For the AC case, we obtain the following:

Vo = Vs N Vo +jIlTCV0 _0

10  2nm 4

(1 + j(z.Snn = iDVO =V,
nm

v,
V, = s
1+ j(Z.Smc - j
nm
4 1 4
A /@, =— = —
nm 1+j(2-5nn—J nw+ j(2.5n“n" -95)
nm
2 2
A, = 4 . @, = —tan~!| 2T =3
Jn2n? + (250202 - 5)2 nm

o0
Vo) = D Ay sin(nmt+0,)V

n=1

Chapter 17, Problem 34.

Obtain Vy(t) in

the network of Fig. 17.70 if
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v(n) 05F T V(D)

Figure 17.70
For Prob. 17.34.

Chapter 17, Solution 34.
Foranyn, V = [10/n*]£(nn/4), ® = n.

1 H becomes jo,L = jn and 0.5 F becomes 1/(jo,C) = —j2/n

NWN——0000

Vo = {—@2m)/[2+jn—j2Mm)]}V = {=2/[2n+ j(n® - 2)]}[(10/n*) L (nn/4)]

20£((nm/4)—m/2)
n’\/4n® + (n> —2)* Ztan" (n* —2)/2n)
20

n’vn’ +4

A(nn/4)—(n/2)—tan"' ((n* —2)/2n)]

@ 2 -2
Vo(t) = z#cos(nt+¥—g—tan“ n2n ]

Chapter 17, Problem 35.
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If vs in the circuit of Fig. 17.71 is the same as function f,(t) in Fig. 17.56(b), determine
the dc component and the first three nonzero harmonics of Vy(t).

V¢

Figure 17.71
For Prob. 17.35.

Chapter 17, Solution 35.
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If v in the circuit of Fig. 17.72 is the same as function f5(t) in Fig. 17.57(b),
determine the dc component and the first three nonzero harmonics of v,(t).

M\ 0000°
& T 2
e
) N
Figure 16.64 For Prob. 16.25
A
T T T T ] >
Figure 16.50(b) For Prob. 16.25

The signal is even, hence, b, = 0. In addition, T = 3, ®w, = 27/3.

vi(t) =1 forall0<t<l1
2 forall1<t<1.5

= %Uldw.[ 2dt}

— A 'cos2nnt /3)dt + [ 2 cos(2nnt /3)d
an = E[IOCOS( nrt )‘Hrj1 cos(2nmt )t}

= i{i sin(2nmt / 3)| + Lsm(2n7:t / 3)| } = —i sin(2nm / 3)
312 nw

4
s(t) = ———=>» —sin(2nn/3 2nmt /3
vs(t) 3 7TZ:nsm( nmt/ 3) cos(2nmt / 3)

n=1

Now consider this circuit,

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displaye( ’07566\ s, without the prior

written permission of the publ hers and educators

permitted by McGraw-Hill for t using this Manual,

you are using it without perrrf +>

A
1

§+

V.




LetZ = [-3/2nn)](1)/(1 —j3/(2n7)) = -j3/(2n7 - j3)
Therefore, v, = Zvy/(Z + 1 +j2n7n/3). Simplifying, we get

- jov,
12nm + j(4n’n’ —18)

For the dc case,n=0and v{=3% V and v, = vy/2 =3/8 V.

We can now solve for v,(t)

Vo(t) = {% + z A, cos(zgm +0, ﬂvolts
n=1

isin(2n7: /3) a3
where A = L and®  =90° —tan™' [— - —)

2 2 2 3 2nrw
16n2n2+[4n3n —6]

where we can further simplify A, to this, A = 9sin(2nm/3)

" nmv4n‘nt + 81

Chapter 17, Problem 36.
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* Find the response i, for the circuit in Fig. 17.72(a), where v(t) is shown in Fig.
17.72(b).

5Q

il
1]

100 mF
(@)

Figure 17.72
For Prob. 17.36.

* An asterisk indicates a challenging problem.

Chapter 17, Solution 36.
We first find the Fourier series expansion of ve. T=1 @ =27/T=2x
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15 1t t2 |0
=—|f)dt==|100—-titdt =10(t——)| =5
a, T!() 2! (1-t)t (-]

T 1
a, =% [ () cosne,tdt = 2[10(1~1) cos 2nzdt
0 0

= Zo[isinZnnt —%cosanzt —LsinZnﬂt}

27N 4N 2nr

(0]

T 1
b, = % j f(t)sin nw, tdt = % j 10(1— t)tsin ne, tdt
0 0

=20 —Lcos2n7rt—%sinZnﬁt+L0052n7zt :ﬂ

2Nz an“z 2Nz 0 n«

=10 .
V.(t))=5+ ) —sin2nxt
N9 21 -
IH — jol=jo,
LOmE .1 __ 1 :—1100
jJo,C ]w,0.01 @,
| = Vs
5+ jo, _J100
For dc component, oy = 0 which leads to Iy = 0.
For the nth harmonic,
E40° 10
In = N7 100 = : ) = Anl(bn
5+ pnr—d0  Snm+j(2nm” —50)
nmw
where
2 2
A = 10 ) " tan” 2n“z” =50
J250° 7 +(2n° 7 = 50)? Snz

i (t) = i A sin(2nzt+4,)

Chapter 17, Problem 37.
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If the periodic current waveform in Fig. 17.73(a) is applied to the circuit in Fig. 17.73(b),
find v,.

i(t) A

3

(a)

i (D) 1Q §3H v,

(b)

Figure 17.73
For Prob. 17.37.

Chapter 17, Solution 37.

We first need to express is in Fourier series. T=2, o, ,=27/T=7x
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a, = %lf(t)dt = %Esdt{m} = %(3 +])=2

2 2|t ‘ 3 1 1 2
a, = —jf(t)cos No,tdt = — j3cos nztdt + J'cos nrtdt | = —sinnzt| +—sinnzt| =0
T3 2|y 1 (aV/4 0 nz 1
T . to : - 1 - 2
b, = g_[f(t)smna)otdt _2 _[33 innztdt + Ismnﬂtdt = —3005 nzt| + —1003 nrt| = i(1— cosnr)
T3 2|y 1 nz 0 nrz 1 nz

i(t)=2+ Zi(l— cosnz)sinnzrt
n—1 N7T

By current division,

1 I
° _1+2+ja)nL|S  3+30,
jo3l_jol
3+3w, 1t|m,
For dc component (n=0), V,=0.
For the nth harmonic,

V, = joLl, =

o

v, =2 (1 cosnm)s —90° = 2UZCosnm)

1+ jnmt nmt /1+n2n2

v, (t)= Zm cos(nzt —tan™nr)

n=1 1+ n27Z'2

Z£(90° — tan ! nm —90°)

Chapter 17, Problem 38.

If the square wave shown in Fig. 17.74(a) is applied to the circuit in Fig. 17.74(b), find
the Fourier series for Vy(t) .
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v () V
1]
o 1 2 3

(a)

=

v®

(b)

Figure 17.74
For Prob. 17.38.

Chapter 17, Solution 38.

v (1) —l+ —smnnt n=2k+1
M=
vV, 1% Vs, ®, =07
I+ jo

Forde, o, =0, V=05, V,=0

For nth harmonic, V = ié -90°
nw

0 _ -1
v, = nn/90 .i4900 _ 2/ —tan " nm

\/1+n27124tan_1 nr 7 \/1+n2 2

cos(nmt — tan ! nn), n=2k-1

VO(t)_ZF
+N° T

Chapter 17, Problem 39.
If the periodic voltage in Fig. 17.75(a) is applied to the circuit in Fig. 17.75(b), find is(t) .
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vy(?) 4

7.5

2.5
1 1 1
0 1 2 3 t
(a)
20Q 40 Q
lia(t)
v =— 50 mF 100 mH

(b)
Figure 17.75
For Prob. 17.39.

Chapter 17, Solution 39.
Comparing v(t) with f(t) in Figure 15.1, vy is shifted by 2.5 and the magnitude is

5 times that of f{t).

Hence
I0&1 .
vi(t) = 5+ —Z—sm(nnt), n = 2k-1
k=1
T=2, 0o, =2n//T = n, ® = nw, = nn
For the DC component, i, = 5/(20 +40) = 1/12
For the kth harmonic, Vs = (10/(nm))£0°
100 mH becomes jo,L = jnmx0.1 = jO.Inn
50 mF becomes 1/(jo,C) = —j20/(nm)
_|=i20/(nm)
|_’ T™ j0.1nm
_ 120 (40 + jO.1nm)
Let Z = —j20/(nm)||(40 + jO.1nw) = ‘2”(;
I 40+ j0.1nn
nm
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_ —j20(40 + j0.Int 2nm — j800
— j20 + 40nm + j0.In’n>  40nm + j(0.In’n* — 20)

802nm + j(2n’n® — 1200)

Zin = 20+7Z = - o
40n7w + j(0.In"n" — 20)
[~ V. __ 400nm + j(n*n* - 200)
Z.  nn[802nm + j(2n’m’ — 1200)]
_J20
[ = nr B - j20I
0 ; - : 2,2
_J20 + (40 + j0.1n7) 40nwt + j(0.In"° — 20)
nm
- 5200

nn[802n7 + j(2n°w® — 1200)]

_200£ - 90° — tan” {(2n’%* — 1200) (802nm)}
nmy(802)° + (2n’m* — 1200)°

Thus
1 200 &
io(t) = —+—— ) I, sin(nnt—-0), n=2k-1
O 20t kz; ( )
2 2
where en —90°+ tan~ M
802nm
1

I, =
ny/(804nm)® + (2n>x* —1200)

Chapter 17, Problem 40.

* The signal in Fig. 17.76(a) is applied to the circuit in Fig. 17.76(b). Find v(t) .
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vs(H)

10 2v,
£ p o
+ +
Vg vy = 0.25F 3Q § vy
o

(b)

Figure 17.76
For Prob. 17.40.

* An asterisk indicates a challenging problem.

Chapter 17, Solution 40.

T=2, 0, =20/T =n

1
1 1 t?
a, = ﬂov(t)dt = Ejo(z —2t)dt = {t _EL =1/2
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ap, = %LTV(t) cos(nmt)dt = J‘Ol2(1 — t) cos(nmt)dt

1

= 2[L sin(nmt) — cos(nmt) — t sin(nnt)}
nm

nn n’n’ .
5 0, n = even
= ——(1-cosnm) =| 4 4
202 ——, n=odd = ——-——
nr n’n’ n°(2n - 1)

by = % jOTV(t) sin(nmt)dt = 2[01(1 _ t) sin(nmt)dt

1

= 2{— 1 cos(nmt) — % sin(nmt) + t cos(nnt)}
n'm nn

nm , nm
vs(t) = % + ZAH cos(nmt — @)
_ 2
where ¢, :tan*IM, A = 242 +— 16 2
2n n n(2n - 1)

For the DC component, vy = 1/2. As shown in Figure (a), the capacitor acts
like an open circuit.

+ +
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+
V.
Applying KVL to the circuit in Figure (a) gives
—0.5-2V,+4i =0 (1)
But —05+i+Vy =0 or -1 +2V,+2i =0 (2)

Adding (1) and (2), -1.5+61i = 0 or i = 0.25
V, = 3i = 0.75
For the nth harmonic, we consider the circuit in Figure (b).
o, = nn, Vi = A0, 1/(jo,C) = —4/(nm)

At the supernode,
(Vs=Vy)/1 = —[n/(j4)]Vx + Vo/3

Vi =[1+jnm/4]Vy + Vo/3 3)

But V-2V, +V,=0or V, = 3V4

Substituting this into (3),
Vs = [1 +jnn/4]Vx + Vi = [2 + jnm/4] Vi

= (1/3)[2 + jnn/4]V, = (1/12)[8 + jnr]Ve
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12A 2 —¢

V64 +n’n’ Ltan ™ (nm/8)

V, = 12V/(8 + jnm) =

Vo =
12 \/ 4 + 16 - Z[tan” (nm/8) —tan~" (n(2n —1)/(2n))]
n

V64 +n’m?> \n’n®  n'(2n-1)

Thus
Vo(t) = % + Z V, cos(nmt + 0 )
n=1
where V, = 12 24 -+ 16 7
V64 + n’g? \n'n” 7w (2n-1)

0, = tan '(n/8) — tan_'(x(2n — 1)/(2n))

Chapter 17, Problem 41.

The full-wave rectified sinusoidal voltage in Fig. 17.77(a) is applied to the lowpass filter
in Fig. 17.77(b). Obtain the output voltage vo(t) of the filter.
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Vin(t)
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(@)

2H

il

IOQ§V0

Vi 0.1F =

(b)

Figure 17.77
For Prob. 17.41.

Chapter 17, Solution 41.
For the full wave rectifier,

T=mn 0w, =20/T =2, o, = no, = 2n

Hence
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_ 2 4y |
Vin(t) = - n;4n2_lcos(2nt)

For the DC component,
Vin = 2/ T

The inductor acts like a short-circuit, while the capacitor acts like an open circuit.
Vo = Vin = 2/

For the nth harmonic,
Vin = [-4/(n(4n® - 1))]£0°

2 H becomes jo,. = j4n
0.1 F becomes 1/(jo,C) = —j5/n
Z = 10||(-j5m) = —10/(2n —})

Vo = [Z(Z + j4n)]Vin = —10V/(4 +j(8n —10))

g0 [ 4z0
4+j@8n-10){ n(4n®-1)

40.£{90° — tan ' (2n — 2.5)}
n(4n® —1)y/16 + (8n —10)*

2 00
Hence vo(t) = — + 2 A, cos(2nt + 0 )
T n=1
where
A = 20

n(4n® — 1)\/16n? — 40n + 29

0, = 90° — tan"'(2n — 2.5)

Chapter 17, Problem 42.

The square wave in Fig. 17.78(a) is applied to the circuit in Fig. 17.78(b). Find the
Fourier series of V(1) .
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1]
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| >—10v,

Figure 17.78
For Prob. 17.42.

Chapter 17, Solution 42.

201 .
Vg =5+— Z—smnnt, n=2k-1

T kzln
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V-0 . i
S =jo,C(0-V,) —— V, = J Vi, ®p =No,=nm
o,RC
Forn=0 (dc component), V,=0.
For the nth harmonic,
1£90° 20 o 20 10°
o~ Pt N Y 9,22
nnRC nr n-n-x10%x40x10 2n“m
Hence,
10° &
Vo (t) = — —Zcosnnt, n=2k-1
27 k=11

Alternatively, we notice that this is an integrator so that

1 10° & 1
Vo(t):——jvsdt:—2 — cosn, n=2k-1
RC 27‘[ k=11

Chapter 17, Problem 43.

The voltage across the terminals of a circuit is
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V(t) =30+ 20cos(60xt + 45°)
+10cos(60at —45°) V
If the current entering the terminal at higher potential is
i(t) =6+ 4cos(60xt +10°)
—2cos(120at —60°) A
find:

(a) the rms value of the voltage,
(b) the rms value of the current,
(c) the average power absorbed by the circuit.

Chapter 17, Solution 43.

(a) Vims = \/ag +%Z(a§ +bl) = \/302 +%(2o2 +10%) =3391V
n=1

(b) Tims = \/62 +%(42 +2%) =6.782 A

(c) P = Vg + %ZVHIH cos(®, — @)

30x6 + 0.5[20x4cos(45°-10°) — 10x2c0s(-45°+60°)]

180 +32.76 — 9.659 = 203.1 W

Chapter 17, Problem 44.

The voltage and current through an element are, respectively,
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V(t) =30cos(t +25°) +10cos(2t +35°)
+4cos(3t-10°) V
i(t) =2cost +cos(2t +10°) A

(a) Find the average power delivered to the element.
(b) Plot the power spectrum.

Chapter 17, Solution 44.
() p=vi= % 60c0s25% +10c0s45° +0[=27.19+3.535+0=30.73W

(b) The power spectrum is shown below.

p 27.19

A

3.535

v

Chapter 17, Problem 45.
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A series RLC circuit has R=10Q, L =2 mH, and C =40 uF. Determine the effective

current and average power absorbed when the applied voltage is
V(t) =100 cos 1000t + 50 cos 2000t

+25c0s3000t V

Chapter 17, Solution 45.

o, = 1000n
jooL = j1000nx2x107° = j2n
1/(jo.C) = —j/(1000nx40x10™°) = —j25/n
Z = R+jo,L+ 1/(jo,C) = 10+ j2n—j25/n
1 =V/Z

Forn =1, V; = 100, Z = 10+j2—-j25 = 10—-j23
I; = 100/(10 —j23) = 3.987..73.89°

Forn =2, V, = 50, Z = 10+j4—j12.5 = 10—j8.5
I, = 50/(10 —j8.5) = 3.81.40.36°

Forn = 3, V3 = 25, Z = 10+j6—j25/3 = 10—j2.333

I; = 25/(10 -3j2.333) = 2.435/13.13°

Toms = \/0.5(3.9872 +3.817 +2.435%) = 4.263 A

p = R(Ims)* = 181.7W

Chapter 17, Problem 46.
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H
ML Use MATLAB to plot the following sinusoids for 0 <t <5:

(a) 5 cos 3t—2 cos(3t—7/3)

(b) 8sin(zt+ x/4)+ 10 cos(xt—7x /8)

Chapter 17, Solution 46.
(2)The MATLAB commands are:
t=0:0.01:5;

y=5*cos(3*t) — 2*cos(3*t-pi/3);
plot(t,y)

(b) The MATLAB commands are:

t=0:0.01:5;
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» x=8*sin(pi*t+pi/4)+10*cos(pi*t-pi/8);
» plot(t,x)
» plot(t,x)

20 T T T T T T T T T

15

10

-5

-10

-15

Chapter 17, Problem 47.
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The periodic current waveform in Fig. 17.79 is applied across a 2-kQ resistor. Find the
percentage of the total average power dissipation caused by the dc component.

i(r)

Figure 17.79
For Prob. 17.47.

Chapter 17, Solution 47.

T=2, w,=27/T=nr
1

a, = %lf(t)dt - Eﬁ4dt+j(—2)dt} - %(4—2):1

T 1 2
P =Rif, = R [t = 5{ [42dt+| (—2)2dt} =10R
T? 2|1 1

The average power dissipation caused by the dc component is

P ,=Ra’ =R=10% of P

Chapter 17, Problem 48.
For the circuit in Fig. 17.80,
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I(t) =20+16 cos(10t + 45°)
+12 cos(20t — 60°) mA

(a) find v(t), and
(b) calculate the average power dissipated in the resistor.

+
i(f) 100 uF ==  2kQ = v(®)

Figure 17.80
For Prob. 17.48.

Chapter 17, Solution 48.

(a) For the DC component, i(t) = 20 mA. The capacitor acts like an open circuit so that
v = Ri(t) = 2x10°x20x10° = 40

For the AC component,
®, = 10n, n = 1,2

1/(jo,C) = —j/(10nx100x10°%) = (=j/n) kQ
Z = 2[|(-j/m) = 2(§/m)/(2-jm) = —j2/(2n—-))
V = ZI = [12/2n-j)]I

Forn = 1, Vi = [H2/(2 —j)]16.£45° = 14.311/-18.43° mV

Forn = 2, Va = [-i2/(4 - j)]12£-60° = 5.821./-135.96° mV

v(t) = 40 +0.014311cos(10t — 18.43°) + 0.005821cos(20t — 135.96°) V
1 o0
(b) p = Vpclpe + 5 anIn cos(0, — ¢,)

n=1

20x40 + 0.5x10x0.014311cos(45° + 18.43°)
+0.5x12x0.00582 1 cos(—60° + 135.96°)

800.1 mW

Chapter 17, Problem 49.
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(a) For the periodic waveform in Prob. 17.5, find the rms value.

(b) Use the first five harmonic terms of the Fourier series in Prob. 17.5 to determine the
effective value of the signal.
(c) Calculate the percentage error in the estimated rms value of z(t) if

% error = (estlmated value 1j <100

exact value

Chapter 17, Solution 49.

1T T 27
(a) zzrms=—jz2(t)dt_ j1dt+j4dt =—(5n) 2.5
T 27
0 0
Zms =1.581
(b)
11 & 36 1 18 1 1
Z =ap + +b2 =—+— =—+—|14+0+—+0+—+...|=2.349
s 022(rl )42_2n2n24n2( 9 25 j
n=1 n=1
n=odd
Zms =1.5326
(c) %error:( _L 5326] 100 = 3.061%
1.581

Chapter 17, Problem 50.
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Obtain the exponential Fourier series for f(t) =t, —1 <t <1, with f(t + 2n) = f(t) for all
integer values of n.

Chapter 17, Solution 50.

o

_ 1 T —jo,nt _ _
Ch = ¥J.0 f(t)e dt, 0w, = T =T

— 1 ! —jnmt
= Ej._te dt

Using integration by parts,
u =t and du = dt
dv = ¢"™dt which leadsto v = —[1/(2jnm)]e ™

1

t . 1 1.
Ch = ———e "™+ — J.e”“’“dt
2jnm ., 2jnm et
. 1 1
— i[e—jnrc +ejnrct]+ — — — jnmt
nn 2n 1" (—)) B

= [j/(nm)]cos(nm) + [1/(2n*n?)](e ™™ — &™)

1y 9
j=D N 212
nmw 2n°m

sin(nm) =

. - Q)
nm

Thus

f(t) = i:cnej“‘”“t = i:(—l)'l ni:nej"’“

n=-—0w

Chapter 17, Problem 51.
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Given the periodic function
f(t) =t 0<t<T

obtain the exponential Fourier series for the special case T = 2.

Chapter 17, Solution 51.

T=2, o,=2n/T=n
T ) 2 . —jnmt
¢y = l.[f(t)e_lnwotdt — ljtze_Jnmdt - le.—3(—n2n2t2 +2jnmt + 2) |(2)
T 0 2 0 2 (_JHTE)
1 2 2 . .
Ch :T(—4n n° + jdnm) = ) (1+ jnm)
12n w n°n
e e} 2 . ¢
f(ty= > > (L jnm)el™™
n=ooN°T

Chapter 17, Problem 52.
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Calculate the complex Fourier series for f(t) = €', —z <t <z, with f(t+2mn)= f(t)
for all integer values of n.

Chapter 17, Solution 52.

_ L ~jo,nt _ _
Cn = ¥j0 f(t)e"dt, o, =—=n

_ 1 1 —jnmt
=5 j_te dt

Using integration by parts,
u=tand du = dt

dv = e¢"™dt which leadsto v = —[1/(2jnm)]e ™

1

Ch = — —,t e ™ 4+ — Jle‘j““tdt
2jnm ., 2jnme!
. 1 1
— ] —jnm jnmt — jnmt
= —le"™"+e" |+ ———=¢
nmn [ ] 2n2n2 (_j)2 »
= [j/(nm)]cos(nm) + [1/(2n*n?)](e "™ — &™)
Ch = =D + 22'] > sin(nm) = —J(_l)
nmw 2n°n nm

Thus
f(t) — chejnmct — Z (_1)[1 i ejnnt
=, nn

n=-—oo

Chapter 17, Problem 53.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Find the complex Fourier series for f(t)=e™, 0 <t <1, with f(t + n) = f(t) for all integer
values of n.

Chapter 17, Solution 53.

0, = 2n/T = 2n

T . | P
Cy = J‘O e—te Jnmctdt :J‘Oe (1+_|nu)o)tdt

1
_ -1 o (riznmt| -1 [e—(1+j2nn) _ 1]

1+ 27 . 1+ j2nm

[1/(G2nm)][1 — ¢ '(cos(2mn) — jsin(2nm))]

(1-e /(1 +j2nm) = 0.6321/(1 +j2nn

=, 0.6321e7™
ft = -
® Z 1+ j2nm

n=—o0

Chapter 17, Problem 54.
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Find the exponential Fourier series for the function in Fig. 17.81.

fOA

W
N
~

_4|_3 1ol 1 2] 34

Figure 17.81
For Prob. 17.54.

Chapter 17, Solution 54.

T=4, o, = 2n/T = n/2

— 1 T — jo,nt

&= jo f(t)e " dt
I N I SO 2 jnmt/2 4 nmt/2
= ZUO% dt +I] le dt —L le dt

— .] [2e—jnn/2 _ 2 + e—]nn _ e—Jnn/Z _ e—JZnn + e—_)nn]
2nm

- gjn [Be 2 = 3 4 2]

fit) = icnej“‘”°‘

n=-—o

Chapter 17, Problem 55.
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Obtain the exponential Fourier series expansion of the half-wave rectified sinusoidal
current of Fig. 17.82.

i(1)

sin t

Figure 17.82
For Prob. 17.55.

Chapter 17, Solution 55.
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_ 1 T, — jno,t
Ch = ¥J.0 i(t)e dt

) sin(t), O0<t<m
But 1(t) =
0, T<t<2n

1 T o 1 Tfl . o o
¢ = — | sin(t)e ™Mdt = — [ — (eIt —e e IMgt
215-[0 © 2n-[0 Zj( )

| [eit-n)  =it(+n)
“amj| j0-n) | jen)

1 ejn(l—n) 1 e—jn(n+l) |
=— +
4r l1-n 1+n

1

= o [ej“(l’“) —1+ne™™ —n e M ] —pe MY 4 n]
n(n® —

—in

But &™ = cos(n) +jsin(n) = -1 = ¢

. . . . 1 ~jom
Cn = +[— e ™ —e ™ —ne’™ + ne”"" — 2] = Lz
4n(n” - 1) 2n(l = n”)
Thus
00 —jnm
l(t) _ Z 1+ € > eJnt
e 21(1-n?)

Chapter 17, Problem 56.
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The Fourier series trigonometric representation of a periodic function is
- 1

f(t)=10+2[ cosnzt +—
n=1

n’+1 n’+1
Find the exponential Fourier series representation of f(t).

sin nﬂtj

Chapter 17, Solution 56.

Co = a = 10, 0, = @

Co = (an—jby)/2 = (1 —jn)/[2(n* + 1)]
f(t) = 10+ i AZ00) e

= 2(n’ +1)

n=0

Chapter 17, Problem 57.

The coefficients of the trigonometric Fourier series representation of a function are:

b =0, a, = 36 ,h=0,1, 2,---
n -2

If @, =50n, find the exponential Fourier series for the function.

Chapter 17, Solution 57.

a, = (6/-2) = -3 = ¢,

cn = 0.5(ay—jby) = a2 = 3/(n’ —2)

0

fity = =3+ —33_ 5 elsn
e

Chapter 17, Problem 58.
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Find the exponential Fourier series of a function that has the following trigonometric
Fourier series coefficients:

Take T =27

Chapter 17, Solution 58.
Cn = (an—jbn)/2, (-1)" = cos(nw), ®, = 2/T = 1
cn = [(cos(nm) — 1)/(2nn®)] - j cos(nm)/(2n)

Thus

27n’ 2n

ft) = % ny ( cos(nm)—1 i cos(nn))ejnt

Chapter 17, Problem 59.

The complex Fourier series of the function in Fig. 17.83(a) is
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sA—j(2n+Dt

1o
f(t)_z Z:;(znﬂ);r

Find the complex Fourier series of the function h(t) in Fig. 17.83(b).
@)

1

-2 -1 0 1 2 3 ¢t

(b)

Figure 17.83
For Prob.17.59.

Chapter 17, Solution 59.
Forf(t), T = 2%, @, = 2n/T = 1.
a, = DC component = (1xn +0)/2n = 0.5
For h(t), T =2, 0, = 2n/T = .
a = (2x1-2x1)2 =0

Thus by replacing o, = 1 with ®, = © and multiplying the magnitude by four,
we obtain

o ., —j2n+1)nt
h(t) = — Jde T
ne—  (2n+Dm
n=0

Chapter 17, Problem 60.
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Obtain the complex Fourier coefficients of the signal in Fig. 17.62.

Chapter 17, Solution 60.
From Problem 17.24,
a = 0 = a, b, = [2/(nm)][1 -2 cos(nm)], ¢, = 0

cn = (an—jbn)/2 = [j/(nm)][2 cos(nm) — 1], n # 0.

Chapter 17, Problem 61.
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The spectra of the Fourier series of a function are shown in Fig. 17.84. (a) Obtain the
trigonometric Fourier series. (b) Calculate the rms value of the function.

A,
6
4
2
o1
| 2
L
0 1 2 3 4 (w,(radls)

d)ll

(:),, (rad/s)

—20°
—25°

-35°

-50°

Figure 17.84
For Prob. 17.61.

Chapter 17, Solution 61.

(a) 0, = 1.
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fit) = a, + D A, cos(nw,t—9,)

= 6+ 4cos(t + 50°) + 2cos(2t + 35°)
+ cos(3t + 25°) + 0.5cos(4t + 20°)

= 6 + 4cos(t)cos(50°) — 4sin(t)sin(50°) + 2cos(2t)cos(35°)
— 2sin(2t)sin(35°) + cos(3t)cos(25°) — sin(3t)sin(25°)
+ 0.5co0s(4t)cos(20°) — 0.5sin(4t)sin(20°)

= 6+ 2.571cos(t) — 3.73sin(t) + 1.635cos(2t)

—1.147sin(2t) + 0.906cos(3t) — 0.423sin(3t)
1 0.47cos(4t) — 0.171sin(4¢t)

(b) e = Jalto Y AL
n=1

s> = 6%+ 0.5[4% + 22+ 12+ (0.5))] = 46.625

Chapter 17, Problem 62.
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The amplitude and phase spectra of a truncated Fourier series are shown in Fig. 17.85.

(a) Find an expression for the periodic voltage using the amplitude-phase form. See Eq.
(17.10).

(b) Is the voltage an odd or even function of t?

A,
12

10

5
| 3
I

0 2wy 4wy 6wy 8wy nwg

(a)

b 4

90°

0 2w, 6w, nwg

-90°

(b)

Figure 17.85
For Prob. 17.62.

Chapter 17, Solution 62.

(a)
f(t)=12 +10cos(2w,t + 90°)+ 8 cos(4w,t — 90°) + 5cos(6w,t + 90°)+ 3 cos(8w,t —90°)

(b) f(t) is an even function of't.

Chapter 17, Problem 63.
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Plot the amplitude spectrum for the signal f,(t) in Fig. 17.56(b). Consider the first five
terms.

Chapter 17, Solution 63.
This is an even function.
T =3, 0w, = 2n/3, b, = 0.

1, O0<t<l1

f(t) =
® 2, I<t<l1.5

2 (T2 AN 1.5 _
80 = ﬂo f(t)dtzg[joldHL 2dt} = @B +1] =473

_ A dt = 4 ['1cos(2nmt/3)dt + [ 2cos(2nmt /3)d
a, = ¥jo (t)cos(nw,t) t_EUO cos(2nmt/3) t+.|‘1 cos(2nmt/3) t}
1

41 3 . (2nntj 6 . (2nntj
= — Sin + Sin
3| 2nmw 3 0 2nm 3

= [-2/(nm)]sin(2n7/3)

1.5

1

6H(t) = % 2 Zl sin( 313171] cos( 21;“}

T n

a, = 4/3 = 13333, ®, = 2n/3, a, = —[2/(nmn)]sin(2nmt/3)
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A, = 4Jal+bl = isin(@)
nn 3
Ay = 0.5513, Ay = 0.2757, A3 = 0, A4 = 0.1375, As = 0.1103

The amplitude spectra are shown below.

Chapter 17, Problem 64.

Given that
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v(t) = & 1 +lcos27zt +gcos47zt —£COS67ZT +--
/4 2 3 15
draw the amplitude and phase spectra for v(t).

Chapter 17, Solution 64.

The amplitude and phase spectra are shown below.

A,
A
3.183
2.122
1.591
0.4244
| .
0 27 47 67 T
A?”
0 27 4 6r > 10}
-180°

Chapter 17, Problem 65.

Given that
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Nl nrx
n=odd

f(t)= Z [nzzgz cos 2nt —isin 2nt J

plot the first five terms of the amplitude and phase spectra for the function.

Chapter 17, Solution 65.

a, = 20/(n’n?), by, = -3/(nn), @, = 2n

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




400 9
Ao = B =

= i 1+%, n=1,3,5 7,9, etc.
nmw n'm

An
2.24
0.39

0.208
0.143
0.109

O (NN |W|—|B

by = tan '(by/a,) = tan ' {[-3/(nm)][n’7*/20]} = tan '(-nx0.4712)

On
—25.23°
~54.73°

—67°
~73.14°
~76.74°

-90°

ol |wn|w| —|B

Chapter 17, Problem 66.

& »

PS Determine the Fourier coefficients for the waveform in Fig. 17.48 using PSpice.
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Chapter 17, Solution 66.

The schematic is shown below. The waveform is inputted using the attributes of
VPULSE. In the Transient dialog box, we enter Print Step = 0.05, Final Time = 12,
Center Frequency = 0.5, Output Vars = V(1) and click enable Fourier. After simulation,
the output plot is shown below. The output file includes the following Fourier
components.

V1=0 ]
V2=10
TD=0 V3
TR=1u
TF=2 |
PW=0.01 é
PER=2 a

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1)
DC COMPONENT = 5.099510E+00

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED
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NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)
1 5.000E-01 3.184E-+00 1.000E+00 1.782E+00 0.000E+00
2 1.000E+00 1.593E+00 5.002E-01 3.564E-+00 1.782E+00
3 1.500E+00 1.063E+00 3.338E-01 5.347E+00 3.564E+00
4 2.000E+00 7.978E-01 2.506E-01 7.129E+00 5.347E+00
5 2.500E+00 6.392E-01 2.008E-01 8.911E+00 7.129E+00
6 3.000E+00 5.336E-01 1.676E-01 1.069E+01 8.911E+00
7 3.500E+00 4.583E-01 1.440E-01 1.248E+01 1.069E+01
8 4.000E+00 4.020E-01 1.263E-01 1.426E+01 1.248E+01
9 4.500E+00 3.583E-01 1.126E-01 1.604E+01 1.426E+01

TOTAL HARMONIC DISTORTION = 7.363360E+01 PERCENT

Chapter 17, Problem 67.

Calculate the Fourier coefficients of the signal in Fig. 17.58 using PSpice.
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Chapter 17, Solution 67.
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The Schematic is shown below. In the Transient dialog box, we type “Print step = 0.01s,
Final time = 36s, Center frequency = 0.1667, Output vars = v(1),” and click Enable
Fourier. After simulation, the output file includes the following Fourier components,

V1=0
ve=4 - Uy
D=1

= 0
PW=2

PER=6

Prob. 16.51.

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1)

DC COMPONENT = 2.000396E+00

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE  NORMALIZED
NO  (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)

1.667E-01 2.432E+00 1.000E+00 -8.996E+01 0.000E+00
3.334E-01 6.576E-04 2.705E-04 -8.932E+01 6.467E-01
5.001E-01 5.403E-01 2.222E-01 9.011E+01 1.801E+02
6.668E-01 3.343E-04 1.375E-04 9.134E+01 1.813E+02
8.335E-01 9.716E-02 3.996E-02 -8.982E+01 1.433E-01
1.000E+00 7.481E-06 3.076E-06 -9.000E+01 -3.581E-02
1.167E+00 4.968E-02 2.043E-02 -8.975E+01 2.173E-01
1.334E+00 1.613E-04 6.634E-05 -8.722E+01 2.748E+00
1.500E+00 6.002E-02 2.468E-02 9.032E+01 1.803E+02

O 01N N Wi~

TOTAL HARMONIC DISTORTION = 2.280065E+01 PERCENT
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Chapter 17, Problem 68.
Use PSpice to find the Fourier components of the signal in Prob. 17.7.

Chapter 17, Solution 68.

Since T=3, f=1/3= 0.333 Hz. We use the schematic below.
TI=0

V=1 v
D;m@.....m. 1

WI=L

CT4=2.0M 4‘7
A= .
. T5:3 . . . . . D .

We use VPWL to enter in the signal as shown. In the transient dialog box, we enable
Fourier, select 15 for Final Time, 0.01s for Print Step, and 10ms for the Step Ceiling.
When the file is saved and run, we obtain the Fourier coefficients as part of the output file
as shown below.

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1)
DC COMPONENT = -1.000000E+00

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE
NORMALIZED
NO  (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)

3.330E-01 1.615E-16 1.000E+00 1.762E+02 0.000E+00
6.660E-01 5.133E-17 3.179E-01 2.999E+01 -3.224E+02
9.990E-01 6.243E-16 3.867E+00 6.687E+01 -4.617E+02
1.332E+00 1.869E-16 1.158E+00 7.806E+01 -6.267E+02
1.665E+00 6.806E-17 4.215E-01 1.404E+02 -7.406E+02
1.998E+00 1.949E-16 1.207E+00 -1.222E+02 -1.179E+03
2.331E+00 1.465E-16 9.070E-01 -4.333E+01 -1.277E+03
2.664E+00 3.015E-16 1.867E+00 -1.749E+02 -1.584E+03
2.997E+00 1.329E-16 8.233E-01 -9.565E+01 -1.681E+03

O 0 1IN DN B W —
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Chapter 17, Problem 69.

Use PSpice to obtain the Fourier coefficients of the waveform in Fig. 17.55(a).

Chapter 17, Solution 69.

The schematic is shown below. In the Transient dialog box, set Print Step = 0.05 s, Final
Time = 120, Center Frequency = 0.5, Output Vars = V(1) and click enable Fourier. After

simulation, we obtain V(1) as shown below. We also obtain an output file which
includes the following Fourier components.

V1=0 1
V2=1 V1

TD=0 1 5% R1
TR=1

TF=1 |

PW=0.01 éO
PER=2
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FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1)

DC COMPONENT = 5.048510E-01

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE

NO COMPONENT COMPONENT (DEG)

O 01N N Wi —

(HZ)

5.000E-01

1.000E+00
1.500E+00
2.000E+00
2.500E+00
3.000E+00
3.500E+00
4.000E+00
4.500E+00

4.056E-01
2.977E-04
4.531E-02
2.969E-04
1.648E-02
2.955E-04
8.535E-03
2.935E-04
5.258E-03

1.000E+00
7.341E-04
1.117E-01
7.320E-04
4.064E-02
7.285E-04
2.104E-02
7.238E-04
1.296E-02

TOTAL HARMONIC DISTORTION =

=

WA

=
S |

-9.090E+01
-8.707E+01
-9.266E+01
-8.414E+01
-9.432E+01
-8.124E+01
-9.581E+01
-7.836E+01
-9.710E+01

0.000E+00
3.833E+00
-1.761E+00
6.757E+00
-3.417E+00
9.659E+00
-4.911E+00
1.254E+01
-6.197E+00

1.214285E+01 PERCENT

NORMALIZED

PHASE (DEG)
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Chapter 17, Problem 70.
Rework Prob. 17.40 using PSpice.

Chapter 17, Solution 70.

The schematic is shown below. In the Transient dialog box, we set Print Step = 0.02 s,
Final Step = 12 s, Center Frequency = 0.5, Output Vars = V(1) and V(2), and click enable
Fourier. After simulation, we compare the output and output waveforms as shown. The
output includes the following Fourier components.

(ELLET

V1=0

\2=2 R1 o

T%=6) 2 3 1
TR=0.001 [vA

TF=1 1 LA GAIN-ZS R2
PW=0.01 B

PER=2 0.25

au -
Bs
o U{1) = U({2)
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FOURIER COMPONENTS OF TRANSIENT RESPONSE V(1)

DC COMPONENT = 7.658051E-01

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE
COMPONENT COMPONENT (DEG)

NO

O 00 1N N B W —

(HZ)

5.000E-01

1.000E+00
1.500E+00
2.000E+00
2.500E+00
3.000E+00
3.500E+00
4.000E+00
4.500E+00

1.070E+00
3.758E-01
2.111E-01
1.247E-01
8.538E-02
6.139E-02
4.743E-02
3.711E-02
2.997E-02

1.000E+00
3.512E-01
1.973E-01
1.166E-01
7.980E-02
5.738E-02
4.433E-02
3.469E-02
2.802E-02

1.004E+01
-3.924E+01
-3.985E+01
-5.870E+01
-5.680E+01
-6.563E+01
-6.520E+01
-7.222E+01
-7.088E+01

0.000E+00
-4.928E+01
-4.990E+01
-6.874E+01
-6.685E+01
-7.567E+01
-7.524E+01
-8.226E+01
-8.092E+01

TOTAL HARMONIC DISTORTION = 4.352895E+01 PERCENT

NORMALIZED

PHASE (DEG)
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Chapter 17, Problem 71.

Use PSpice to solve Prob. 17.39.
Chapter 17, Solution 71.

The schematic is shown below. We set Print Step = 0.05, Final Time = 12 s, Center
Frequency = 0.5, Output Vars = I(1), and click enable Fourier in the Transient dialog box.
After simulation, the output waveform is as shown. The output file includes the
following Fourier components.

3 R1 ) R2 '
V1=25 Ay * STV
V2=75 20 40
V1 L1
TD=0 C1 100mH
TR=0.01 50m —
TF=0.01 |
PW=1
PER=2 J70
B L et
sﬂmn-i i
4émA+------------ T——————————=- i Bttt e e F—————=—=—=—==== T——————————== ‘i
s 2s 4s 6s gs 18s 12s
o I{L1)
Time
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FOURIER COMPONENTS OF TRANSIENT RESPONSE I(L_L1)

DC COMPONENT = 8.374999E-02

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE
COMPONENT COMPONENT (DEG)

NO  (HZ)

5.000E-01

1.000E+00
1.500E+00
2.000E+00
2.500E+00
3.000E+00
3.500E+00
4.000E+00
4.500E+00

2.287E-02
1.891E-04
2.748E-03
9.583E-05
1.017E-03
6.366E-05
5.937E-04
6.059E-05
2.113E-04

1.000E+00
8.268E-03
1.201E-01
4.190E-03
4.446E-02
2.783E-03
2.596E-02
2.649E-03
9.240E-03

O 01N N Wik —

-6.749E+01

8.174E+00
-8.770E+01
-1.844E+00
-9.455E+01
-7.308E+00
-9.572E+01
-2.808E+01
-1.214E+02

0.000E+00
7.566E+01
-2.021E+01
6.565E+01
-2.706E+01
6.018E+01
-2.823E+01
3.941E+01
-5.387E+01

NORMALIZED

PHASE (DEG)

TOTAL HARMONIC DISTORTION = 1.314238E+01 PERCENT

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 17, Problem 72.

The signal displayed by a medical device can be approximated by the waveform shown in
Fig. 17.86. Find the Fourier series representation of the signal.

f®

(I
IiREI

Figure 17.86
For Prob. 17.72.

Chapter 17, Solution 72.
T=135, 0w, = 2n/T = 2n/5

f(t) is an odd function. a, = 0 = a,

4 o1/2 . 4 10 .
b, = ¥.[0 f(t)sin(no, t)dt =§IO 10sin(0.4nmt)dt

1
= —&cos(0.4nnt) = E[l—cos(OAnn)]
nm 0 nm
f(t) = 20 l[1—cos(0.4nfc)]sin(0.4nnt)
n=1 n

Chapter 17, Problem 73.

A spectrum analyzer indicates that a signal is made up of three components only: 640
kHzat2 V, 644 kHz at 1 V, 636 kHz at 1 V. If the signal is applied across a 10-Q
resistor, what is the average power absorbed by the resistor?

Chapter 17, Solution 73.

Vie 1wV,
= _+_
R 2Z R

0+ 0.5[(2* + 17 + 1%)/10] = 300 mW
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Chapter 17, Problem 74.

A certain band-limited periodic current has only three frequencies in its Fourier series
representation: dc, 50 Hz, and 100 Hz. The current may be represented as

I(t) =4+ 65sin1007t + 8 cos 1004t
—3sin 2007t — 4 cos 2004t A

(a) Express i(t) in amplitude-phase form.
(b) If i(t) flows through a 2-Q resistor, how many watts of average power will be
dissipated?

Chapter 17, Solution 74.

(a) An = iJal+b?, ¢ = tan '(bu/a,)
A = V6> +8% = 10, &, = tan '(6/8) = 36.87°
Ay = 32 +4% =5, b, = tan '(3/4) = 36.87°

i(t) = {4+ 10cos(100nt — 36.87°) — Scos(200nt — 36.87°)t A

(b) p = I;.R+0.5) IR

= 2[4*+0.5(10* + 59)] = 157 W
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Chapter 17, Problem 75.

ed Design a lowpass RC filter with a resistance R =2 k. The input to the filter is a
periodic rectangular pulse train (see Table 17.3) with A=1V, T=10ms, and 7 =1 ms.
Select C such that the dc component of the output is 50 times greater than the
fundamental component of the output.
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Chapter 17, Solution 75.

The lowpass filter is shown below.
R

At 2A &1 . nmt
Vg =—+— ) —sin——cosnm,t
T T “~n
n=1
L
V, =%VS 1 v, e, =ne,=20m/T
R+ 1+ jo,RC
Jo,C
At
For n=0, (dc component), V, = Vj :? (1)
For the nth harmonic,
V, = ! .%S'n%4_900
Vl+02aR?2C? Ztan " o ,RC T
When n=1, |V, |=%sin one ! (2)
T T 4n2
1+-——R2C?
T
From (1) and (2),
2
%:50x%sm1 12 5 1+4%ch2 =399 _ 3 0ox104
T
1+4LR2C2
42 5 5 10 T . s 1072x3.09x10%
1+——R“C” =10 — C=——10" = =24.59 mF
T 2nR 47x10°
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Chapter 17, Problem 76.

A periodic signal given by v (t) =10V for 0 <t<I and 0 V for 1 <t <2 is applied to the
highpass filter in Fig. 17.87. Determine the value of R such that the output signal v_(t)
has an average power of at least 70 percent of the average power of the input signal.

1H

Figure 17.87
For Prob. 17.76.

Chapter 17, Solution 76.

vs(t) is the same as f(t) in Figure 16.1 except that the magnitude is multiplied by
10. Hence

vo(t) = 5+§lein(nm), n=2k-1
T o n
T=2, w =20/T = 2%, ®, = n®, = 2nn

jon.L = j2nm; Z = R||10 = 10R/(10 + R)

Vo, = ZVJ(Z + j2nmt) = [10R/(10R + j2nm(10 + R))|V;

10RZ —tan""{(nn/5R)(10 + R)} v
JI00R? +4n>m*(10 + R)?

VOZ

V, = [20/(nm)]£0°
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The source current I is

20
10+R)—
I, = Vs Vs ( )nTC

Z+ j2nm 10R + i2nm
10+R

" 10R + 2nm(10+ R)

10+R) 2% 2~ tan " {(nn/3)(10+ R)}
_ nrT

JI00R? +4n°m* (10 + R)?
p. = Vocloc + - TV, 1, 0500, - 4,)

For the DC case, L acts like a short-circuit.
5 5(10+R)
Iy = = , Vs =5 =1V,
10R 10R

10+R

, (10+R) cos[tan"1 (: 10+ R)D

JI00R? +47*(10 + R)?

25(10+R) 1{(20
Pps=—F - *t=%|| —
10R 2|\ n

o’ (10+R)? cos(tan_l (25“ (10 + R)D

(_j .
n JI00R? +167° (10 + R)?
VDC 1 S Von
g= oy e
P+7 R 22 R
25 1 100R 100R
= R _+_ +...
R 2|100R? +472(10+R)>  100R> +1072(10 + R)?

We want p, = (70/100) ps = 0.7ps. Due to the complexity of the terms, we
consider only the DC component as an approximation. In fact the DC component
has the largest share of the power for both input and output signals.

R 10 10R

25 _ 7 2510+R)

100 = 70 + 7R which leadsto R = 30/7 = 4.286 Q)
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Chapter 17, Problem 77.

The voltage across a device is given by
V(t) =—-2+10cos 4t + 8 cos 6t + 6 cos 8t
—5sin 4t —3sin 6t —sin 8t V

Find:

(a) the period of v(t),
(b) the average value of v(t),
(c) the effective value of v(t).

Chapter 17, Solution 77.

(a) For the first two AC terms, the frequency ratio is 6/4 = 1.5 so that the highest
common factor is 2. Hence o, = 2.

(b) The average value is the DC component = =2
(©) Vims = \/a0+%2(aﬁ+bﬁ)
n=l

V2, =<—2>2+§<102+82+62+32+12> ~ 121

Vims =11.02 V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 17, Problem 78.

A certain band-limited periodic voltage has only three harmonics in its Fourier series
representation. The harmonics have the following rms values: fundamental 40 V, third
harmonic 20 V, fifth harmonic 10 V.

(a) If the voltage is applied across a 5-Q resistor, find the average power dissipated by
the resistor.

(b) If a dc component is added to the periodic voltage and the measured power dissipated
increases by 5 percent, determine the value of the dc component added.

Chapter 17, Solution 78.

2
VEZ)C +lzv_nz:V]j2)C +2Vn,rms
R 2 R R R

@ p=

0 + (40%/5) + (20%/5) + (10%/5) = 420 W
(b) 5% increase = (5/100)420 = 21

2

V,
ppc = 21 W = % which leads to V.. =2IR =105

VDC = 10.25V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 17, Problem 79.

Write a program to compute the Fourier coefficients (up to the 10th harmonic) of the
square wave in Table 17.3 with A=10and T = 2.

Chapter 17, Solution 79.
From Table 17.3, it is evident that a, = 0,
b, = 4A/[n(2n—-1)], A = 10.
A Fortran program to calculate b, is shown below. The result is also shown.

C  FOR PROBLEM 17.79
DIMENSION B(20)

A =10
PIE = 3.142

C = 4*A/PIE
DO10N=1,10

B(N) = C/2.*FLOAT(N) - 1.)
PRINT *, N, B(N)

10 CONTINUE

STOP

END
n by
1 12.731
2 4.243
3 2.546
4 1.8187
5 1.414
6 1.1573
7 0.9793
8 0.8487
9 0.7498
10 0.67
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Chapter 17, Problem 80.

Write a computer program to calculate the exponential Fourier series of the half-wave
rectified sinusoidal current of Fig. 17.82. Consider terms up to the 10th harmonic.

Chapter 17, Solution 80.
From Problem 17.55,
e = [1+e™)/[2n(1 —n?)]

This is calculated using the Fortran program shown below. The results are also
shown.

C  FORPROBLEM 17.80
COMPLEX X, C(0:20)

PIE = 3.1415927
A = 2.0*PIE

DO 10 N=0, 10

IF(N.EQ.1) GO TO 10

X = CMPLX(0, PIE*FLOAT(N))

C(N) = (1.0 + CEXP(-X))/(A*(1 - FLOAT(N*N)))
PRINT *, N, C(N)

10 CONTINUE
STOP
END
n Cn
0 0.3188 +j0
1 0
2 —0.1061 + {0
3 0
4 —0.2121x10"' +0
5 0
6 —0.9095x10~ +jO
7 0
8 —0.5052x10% +j0
9 0
10 —0.3215x10% +j0
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Chapter 17, Problem 81.

Consider the full-wave rectified sinusoidal current in Table 17.3. Assume that the current
is passed through a 1-Q resistor.

(a) Find the average power absorbed by the resistor.
(b) Obtain ¢, forn=1, 2, 3, and 4.

(c) What fraction of the total power is carried by the dc component?
(d) What fraction of the total power is carried by the second harmonic (n = 2)?

Chapter 17, Solution 81.

(';n\
A -

0 T 2T 3T

2A 4A & 1
fty = ——— >
i T 5 4n" —1

cos(nw,t)

The total average poweris  payg = FrmSZR = Frms2 since R = 1 ohm.

Pan = Frm52 = %J.()sz(t)dt = 0.5A2

(b) From the Fourier series above
ICol = 2A/m, |co| = |an/2 = 2A/[n(4n” — 1)]

n ™o |Cnl Icol” or 2| % power
0 0 2A/n 4A°/(n) 81.1%
1 20, 2A/(37) 8A*/(91) 18.01%
2 4w, 2A/(15m) 8A%/(2251%) 0.72%
3 6, 2A/(357) 8A%/(12251%) 0.13%
4 8w, 2A/(631) 8A*/(39697%) 0.04%

(c) 81.1%

(d) 0.72%
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Chapter 17, Problem 82.

A band-limited voltage signal is found to have the complex Fourier coefficients presented
in the table below. Calculate the average power that the signal would supply a 4-Q
resistor.

no, c, 0,
0 10.0 0°
1) 8.5 15°
20 4.2 30°
3w 2.1 45°
4o 0.5 60°
Sw 0.2 75°

Chapter 17, Solution 82.

Vie 1&V!:
_+_
R 2Z R

n=1
Assuming V is an amplitude-phase form of Fourier series. But

|An] = 2|Cyl, o = a,

A = 4[Cyf?
Hence,
2 0 2
p= 009 %
R “~R
Alternatively,
V2
P — rms
R
where

V2 =gl +%ZAi —eede = e
n=1 n=l n=—o0
= 10 +2(8.5° +4.2° + 2.1+ 0.5 + 0.2%)

= 100 +2x94.57 = 289.14

P = 289.14/4 = 123 W
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